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CHAPTER I 
INTRODUCTION 
With respect to tooth preparations for metal ceramic 
restorations, 
publications 
several clinical 
have reported that 
texts, articles, and 
a beveled shoulder 
configuration of the facial finish line is superior to a 
shoulder (1,2,3,4). The addition of a bevel onto a shoulder 
margin complicates the tooth preparation procedures, 
impression making, and waxing. Beveling is also likely to 
increase the width of the metal collar, thus compromising 
esthetics, unless placed sufficiently far subgingivally. A 
subgingival beveled shoulder is more likely to encroach on the 
epithelial attachment than either shoulder or chamfer designs, 
thereby leading to periodontal problems without necessarily 
improving marginal adaptation. If the different types of 
marginal finish lines do not influence casting adaptation, 
then it may neither be necessary nor practical to prepare 
beveled shoulders. 
1 
2 
This study is designed to investigate the influence 
of the shoulder , beveled shoulder, and heavy chamfer _margin 
designs on the marginal accuracy of a casting. The null-
hypothesis is that there is no significant influence of 
different margin designs on casting adaptation. The purpose 
of the investigation is to try and determine whether different 
margin designs result in significantly different adaptation 
of full crown castings. 
CHAPTER II 
REVIEW OF THE LITERATURE 
Different types of marginal 
advocated for tooth preparation in 
designs have been 
the metal ceramic 
technique. The chosen finish line configuration must meet 
aesthetic, mechanical, and biologic criteria. Obtaining a 
marginal seal is one of the most important factors in 
determining the long term success of restorations (5,6). The 
influence of various finish line configurations on the quality 
of the marginal seal of castings has been widely debated, 
especially with regard to metal ceramic restorations (4,7-9). 
Because of the inherent defects in casting 
techniques, marginal microleakage seems inevitable along the 
casting/tooth interface (10,11). A luting cement is used to 
fill this space as well as providing the frictional retention 
of the casting to the tooth. However, researchers have shown 
that the current commonly used luting agents will gradually 
disintegrate in the oral environment (5,12-14). The resulting 
microleakage allows the penetration of microorganisms, toxic 
products from bacterial plaques, or other deteriorating 
substances to gain access into dentinal tubules, which 
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eventually leads to dental caries, pulpal inflammation 
(15,16), and subsequent failure of the restoration (17,18). 
4 
In 1970 Schwartz et al.(17) conducted a survey to 
investigate the reason for crown and fixed partial denture 
failure. Dental caries (36.8 %), was the most frequent cause 
of protheses failure, followed by uncemented crowns (12.1 %) 
and defective margins (11.3 %). Another survey by Walton et 
al.(18) in 1986 showed similar results. The importance of 
marginal adaptation has been emphasized by Phillips (5) and 
Rosenstiel, et al.(6). 
Preston (1) comments that there is never a complete 
seal between a casting and a tooth. Therefore, he considers 
that a shoulder finish line would remain open if the casting 
failed to seat occlusally. However, in the case of a beveled 
margin, the horizontal opening would be reduced along the 
beveled wall. 
Schillingburg et al. (2) considered that castings 
could be made to fit with a high degree of precision, but that 
even with well fitting castings, some marginal opening 
remains. They regarded a shoulder as the poorest type of 
margin for a cast gold restoration. They explained that, 
although the shoulder margin offered a well defined line, its 
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adaptation reflected the occlusal discrepancies without 
diminution at the margin. In considering the labial finishing 
line with a metal margin in metal ceramic restorations, 
especially in highly esthetic areas, They deemed a beveled 
shoulder, as an optimal configuration. 
What constitutes an accurate well adapted casting? 
There exists no objective scientific evidence of this concept. 
Various studies (19-24) have given us information relative to 
the marginal adaptation of castings prior to, and in some 
cases, after cementation. Studies on cemented castings have 
failed to show internal adaptation prior to cementation, 
thereby complicating comparisons between alternative finish 
line designs. 
The following review of the literature aims to 
illuminate our thesis. 
Margin design and casting adaptation 
In 1963, Rosner (25) concurred with the observation 
of Kaufman et al. (26) that the seating of a full crown can be 
incomplete after cementation. He suggested that a beveled 
finish line 1.) reduces the inherent defects in casting and 
cementation. 2.) protects enamel rods at the margins; 
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3.) allows metal burnishing after cementation; and 4.) 
develops circumferential retention. By trigonometric analysis, 
Rosner drew the equation: d= D cos a (Fig. 1), to explain the 
bevel effect. The actual horizontal opening is reduced to a 
small vertical opening by the factor of cosine of the beveled 
angle. 
Fusayama et al.(27), 1964,investigated the 
influences of cementing load, preparation height, and relief 
spaces inside crowns on the marginal adaptation of complete 
crowns during cementation. The stone dies were fabricated 
by making an impression with irreversible hydrocolloid 
impression material of the teeth which were prepared with a 
shoulder on one side and a chamfer on the other side to 
simplify measurements. The crowns were cemented under a static 
load of 15 or 50 kg. on the dies, embedded, sectioned, and 
examined under a microscope micrometer. They concluded that 
the finish line design had a great influence on casting 
adaptation. Although no measurement of casting adaptation was 
reported on the chamfer design, they concluded that the amount 
of exposed cement on a chamfer remained minimal regardless of 
the magnitude of lack of seating. For the shoulder however it 
would be equal to occlusal lift-up during cementation. With 
their internal relief technique, the cement thickness on the 
shoulder was less than 50 µ in all cases. 
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In 1978 Pascoe (20) analyzed Rosner's thesis and 
noted that a cemented casting with a cement film thickness 
of 25 µ., (consistent with ADA Specification No. 8), a 10 
degree tapered preparation, and a 45 degree beveled margin, 
if fitted perfectly before cementation, would theoretically 
result in 203 µ. marginal opening after cementation (Fig. 1) 
if the Rosner's thesis d=D cos a, were applied. Moreover, if 
a 10 mm diameter casting was 0.2% undersized, it would result 
in 74 µ. opening before cementation and 277 µ. opening after 
cementation (Fig. 2). He conducted a study to demonstrate the 
need for an oversized casting to compensate for the cement 
film thickness and roughness of the tooth/casting surface. 
Fifteen stone dies were duplicated from a tooth preparation 
with a shoulder finish line on one side and a beveled shoulder 
on the other. These dies were divided into three groups. By 
varying the water/powder ratio of investment, the castings 
were fabricated and designated as undersized, oversized, and 
normal size control groups. Castings filled with polymer were 
seated on the die by a 500 g load, embedded, sectioned, and 
examined. Measurements of the casting-to-die distance were 
made using a micrometer slide microscope. Pascoe found that 
oversized castings of shoulder design achieved significantly 
smaller marginal opening (7.8 µ.) than the oversized beveled 
shoulder (31.2 µ.), normal size beveled shoulder (63.7 µ.) 
normal size shoulder (106.3 µ.), undersized beveled shoulder 
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(399.5 µ) and undersized shoulder (500.3 µ). He concluded 
that, with an oversized casting, the shoulder finish line 
minimizes the marginal opening and a beveled shoulder remains 
open (Fig. 3). He tried to demonstrate the imited 
applicability of Rosner's concept. 
In 1981, Gavalis et al. (28) tried to correlate 
margin design with the seating and sealing of cemented full 
crowns. Castings of different margin design were fabricated 
on the stainless steel dies : a feather-edge finish line; a 
90 degree shoulder and a chamfer with a 1 mm bevel parallel 
to the axial wall; a 1 mm 90 degree shoulder with a 45 degree 
bevel; and a 1 mm 90 degree shoulder with a 30 degree bevel 
(Fig. 4). Resin of high dimensional stability was poured into 
the castings to create a so called "exactly fitting" casting. 
The castings were cemented on the resin dies in an Instron 
testing machine with a static load of 100 pounds initially, 
which was gradually reduced to 57 pounds over a 10 minute 
period. Most of the castings were incompletely, obliquely 
seated on the die. The samples were embedded, sectioned, and 
measured with an eyepiece micrometer under a comparator 
microscope. The reported results showed that the featheredge 
and 85 degree parallel bevel had the smallest marginal gap 
width (31,34 µ and 41,44 µ), as predicted by Rosner. But 
surprisingly, the 90 degree shoulder not only gained a 
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superior marginal seal (67 µ) over the 45 degree shoulder (95 
µ), and the 45 and the 30 degree beveled shoulder (at 
respectively 105 µand 99 µ), but it also demonstrated the 
best seating among all of the marginal designs (85 µ 
occlusally). They suggested that a shoulder finish line 
provides proportionally more marginal escape space before 
complete cementation. How the escapeway is able to reduce 
hydrodynamic pressure during cementation has been well 
explained by Jorgensen (29) and the physical event is called 
"filtration effect". 
Pardo (3), 1982, did not agree with the Pascoe's 
(20) concept of the need of oversized castings. Using a mock-
up model, he argued that the oversized casting creates a 
horizontal overhang around the margin. He suggested the use 
of a differentially oversized casting, which was oversized to 
avoid premature binding yet was still accurate internally at 
the gingival margins. This can be produced by shimming the 
die or internal stripping of the casting using aqua regia acid 
etching. He commented that a differentially oversized casting 
with bevel finish line will be wedged into close fit by 
occlusal loads, therefore : 1.) reducing the margin opening; 
2.) lowering the incidence of marginal overhangs; 
3.)minimizing the influences of casting size. Pardo's 
conclusion is largely based on the assumption that a bevel 
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finish line will be wedged down by occlusal loads. 
In 1985 Belser et al. (30) compared the marginal fit 
of a 70 degree beveled shoulder, a 90 degree shoulder of metal 
margin, and a 90 degree shoulder with porcelain margin, in 
vivo. Three types of finish lines were evenly distributed in 
36 crowns. The marginal discrepancies of the restorations were 
duplicated in elastic impression materials, poured in epoxy 
resin. These were made before and after cementation. The 
samples were processed for examination for a standard scanning 
electric microscope. The largest marginal opening at 170x 
magnification was measured. The bevel margin appeared to have 
the best fit before and after cementation (18 µand 30 µ). 
Shoulder fit followed (25 µand 45 µ). The porcelain margin 
showed the poorest fit (33 µand 46 µ).All measurements for 
vertical discrepancies were under 50 µ and showed no 
significant differences between the groups of different 
marginal designs. After cementation, marginal opening 
increased significantly but there was no significant 
differences between groups. In this study, all castings were 
deemed clinically acceptable. The numerical values were 
similar to Christensen (2 to 51 µ) (31). 
In 1986 Kay et al. (24) conducted a computer analysis 
simulating the cementation procedures of castings under 
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various conditions. In the presence of 15 µ axial and occlusal 
die relief, the marginal fit of a 90 degree shoulder was 
slightly superior to that of the 85 degree beveled shoulder 
(7.0 µversus 9.1 µ). The reverse is true if the die relief 
were less than 10 µ (27. 7 µ versus 9. 8 µ ) • This study 
demonstrates how the axial casting/tooth space influences the 
marginal fit in different margin configuratons. 
Tjan et al. (32) investigated the effect of an 
internal escape channel on the seating of complete cast gold 
crowns with the following finish lines : 1.) chamfer; 2.) 1.4 
mm 90 degree shoulder; 3.) 1.4 mm shoulder with 45 degree 
bevel. After preparation, wax patterns were made directly on 
the extracted teeth, invested and cast. A channel was 
prepared along the axial wall, about 1 mm in depth terminating 
about O. 5 mm short of the finish line .. Vertical discrepancies 
were measured after cementation. There was no statistically 
significant difference between the chamfer (18.30 µ) and the 
beveled shoulder (36.40 µ).Although the shoulder (22.10 µ) 
seated better than the beveled shoulder (36.40 µ),there was 
no statistically significant difference. All data were smaller 
than 50 µ and deemed clinically acceptable. 
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cement space and marginal adaptation 
The test in ADA Specification No.8 for film 
thickness of Type 1 zinc phosphate cement requires that, under 
a load of 15 kg, the cement has a 25 µ film thickness between 
two glass plates when pressed for 3 minutes after following 
standard mixing procedures (33). Jorgensen and Peterson (34) 
have demonstrated that this requirement depends on both 
viscosity and effective grain size of the cement instead of 
representing the minimally obtainable cement film thickness. 
Under optimal conditions, a film thickness as low as 5 µ may 
be achieved (23,34-38) 
Jones et al. (35) evaluated the vertical marginal 
adaptation of occlusally vented and non-vented full cast 
crowns on extracted molars, premolars, ivorine teeth, and 
silver plated stone dies before and after cementation. The 
measurements were made by a television microscope reading as 
small as 0.1 µ. The vented crowns all seated further than the 
non-vented crowns after-cementation and ranged from 84.6 µ on 
the extracted premolars to 6.0 µ on the silver plated molar 
dies. This study demonstrated : 1.) the fact of incomplete 
seating of full cast crowns after-cementation; 2.) seating 
improvement by venting; 3. ) the potential of attaining a 
cement line in the 6 µ range. 
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Windeler ( 2 3) further explained the relationship 
amongst such factors as occlusal displacement, cement film 
thickness and internal relief of castings. 
The equation : d = s / Sin 1/2 V 
d (axial displacement) = S (effective grain size) / sin 1/2 
tapered angle of axial wall of the preparation (Fig 5). Drawn 
by Jorgenson and Peterson (34), it was modified as 
OC(occlusal displacement) = FT(film thickness) / 
sin 1/2 V(axial taper). 
Theoretically, an increase in FT of 1 µ. results in an 
additional occlusal displacement of 11.5 µ. in the 90 degree 
shoulder design with a 10 degree tapered preparation. In the 
clinical application , another factor is added to the equation 
oc = FT - Relief /sin 1/2 V. 
This may well explain the phenomenon that further seating was 
possible with the application of die spacer (24,27,39,40) , 
"internal channel" (32), and venting (35) as the above 
reviewed studies suggested. 
However, it is possible that a casting itself 
already provides enough relief spaces along axial and occlusal 
surfaces so that the resulting after cementation lift-up is 
very minimal. This type of casting is general referred to as 
either "oversized" (20) or "passive fit" (41,42). It has 
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recently been suggested that dynamic rather than static 
cementation technique generally reduces the amount of marginal 
opening during cementation (42). 
Porcelain firing and marginal opening 
The application of porcelain is another factor which 
has been shown to affect the marginal opening of metal ceramic 
restorations. Adequate space is required for porcelain to 
enable good color reproduction. Shoulder less or chamfer margin 
designs invariably result in an overcontoured restoration. (9) 
For this reason, the shoulder and the beveled shoulder finish 
line, with their greater bulk reduction, are generally 
preferred for metal ceramic restorations. 
Different types of finish line may respond 
differently during the firing procedures for porcelain 
application. Schillingburg et al.(43) compared the marginal 
opening of four different types of margin designs during 
porcelain firing cycles. They stated that the shoulder and 
beveled shoulder can resist distortion during porcelain firing 
cycles better than chamfer type margins. The research of 
Faucher and Nicholls (44) supports that of Schillingburg et 
al. 
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Yamamoto (4) also has demonstrated that the metal 
framework distorts during firing cycles. He claimed. that a 
labial margin design with a beveled shoulder is superior to 
a shoulder. Because a beveled shoulder not only obtains a 
better marginal fit than a shoulder does, but also the beveled 
shoulder improves the strength of the margin by increasing the 
width of the metal collar, thus has better resistance to 
distortion during porcelain firing cycles. 
Hamaguchi (45) conducted similar research to that 
of Schillingburg et al., using a scanning electric microscope 
technique to examine the possible distortion of the metal 
framework. The ranges of marginal opening with different types 
of margin designs, extended from o to 10 µ, but showed no 
significant differences between groups. 
Other considerations 
In view of the contradictory theoretical and 
laboratory evidence available, and the difficulties involved 
in comparing results, it is not clear which marginal design 
offers the best solution. The addition of a bevel to a 
shoulder margin may needlessly complicate the tooth 
preparation procedure , impression making, and waxing. Beveling 
also tends to increase the width of the metal collar, thereby 
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compromising esthetics. A subgingival beveled shoulder is more 
likely to encroach on the epithelial attachment than either 
shoulder or chamfer designs, thereby leading to periodontal 
problems. on the other hand, with a shoulder margin 
configuration, it may be more difficult to achieve a superior 
marginal fit. 
With improvements in technology and scientific 
knowledge of dentistry, currently available dental casting 
alloys can be cast consistently to a high quality of fit (46). 
satisfactory fit of complete crown castings has been 
demonstrated (21,47). Byrne, et al. (21) and Weihmann(47) 
examined shoulder and chamfer configurations using travelling 
microscope reading to 1 µ on the sectioned samples. The gap 
openings were all less than 10 µ. The shoulder design has 
thus been shown to be satisfactory in terms of marginal fit 
prior to cementation. 
None of the above articles has examined the 
influence of various finish line on casting accuracy prior to 
cementation under 1.) optimal technique; and 2.) using a 
sectioning technique. 
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This study is designed to investigate the influence 
of the shoulder, beveled shoulder, and heavy chamfer margin 
designs on the marginal accuracy of full crown castings. The 
null-hypothesis is that there is no significant influence of 
different margin designs on the casting adaptation. The 
purpose of the investigation is to try and determine whether 
different margin designs result in a significantly different 
marginal adaptation of the castings. 
Fig. 1. d= D cos oC 
An exactly fitting casting 
f : film thickness (Pascoe 
modified) 
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Fig. 2. An undersized 
casting. (Pascoe modified) 
Fig. 3. An oversized 
casting (Pascoe modified) 
19 
50 
a. b. c. 
d. e. f. g. 
Fig. 4 . (a) 50 Feather edge. 
(b) 90° Shoulder. 
( c) 45° Shoulder. 
( d) 90° Shoulder with parallel bevel. 
(e) Chamfer with parallel bevel. 
( f) 90° Shoulder with 45° bevel. 
( g) 90° Shoulder with 30° bevel. 
(Gavel is et al. modified) 
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Fig. 5. The equation drawn by Jorgenson and Peterson. 
d= S I Sin V/2 
d the vertical discrepancy. 
S paticle size of the luting cement. 
V the axial taper angle (J¢rgensen et al. modified) 
CHAPTER III 
MATERIALS AND METHODS 
Three ivorine maxillary central incisors were 
prepared for metal ceramic restorations using standard 
procedures. Three types of labial marginal designs were 
prepared : 1) a 90 degree shoulder, 2) a beveled shoulder, 
and 3) a heavy chamfer. Each preparation was duplicated with 
silicone impression material (RTV 630A General Electric Co. 
Waterford, New York.) to form 20 stone dies (Silky-Rock Whip 
Mix Co. Louisville) for each group, 10 serving as master dies, 
10 as reserve dies. Identical wax patterns were produced for 
each group by pumping wax into a Split Silicon Injection Mold. 
The wax patterns were marginated, invested and cast using 
standard procedures which were refined during a pilot study. 
A high palladium alloy (Option, J. M. Ney co. Bloomfield, 
CT.), which has been demonstrated to have good handling 
properties, was used. The stone dies and fully seated castings 
were embedded in epoxy resin. Two buccolingual sections were 
cut. After sequential polishing procedures, the sectioned 
surfaces were examined using a profile projector under lOOx 
magnification. At predetermined sites, the gingival and axial 
openings between castings and master dies were measured and 
21 
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calculated. The data were statistically analyzed using an 
analysis of variance. The validity of Null-hypothesis is 
discussed based on the findings. A detailed description of the 
methods used is given below : 
Tooth preparation 
Three metal ceramic preparations were made on 
ivorine maxillary central incisors (Columbia Dentoform Corp. 
New York, New York USA) (Photo. 1,2). 
(A.) Incisal reduction: 
Following the incisal morphology, 2 mm reduction was 
made. 
(B.) Labial reduction: 
The labial reduction was approximately 1 mm which is 
extened 1 mm short of the cervical line. The facial 
reduction was extended 1 mm lingual to the proximal 
contact. 
(C.) Lingual reduction: 
1. The lingual axial wall was reduced parallel to the 
facial cervical wall, and a 0.5 mm chamfer was 
produced. 
2. The lingual reduction was extended to join the 
labial reduction with abrupt termination to form a 
"wing" on the preparation. 
3. The central concave area was reduced about 1 mm 
following tooth contour. 
(D.) Proximal reduction: 
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The demarcation between labial reduction and lingual 
chamfer was smoothed to form a continuous finish line. 
( E. ) Axial taper 
Approximately six to ten degrees. 
(F.) Three types of facial marginal design were prepared(16): 
1. Shoulder margin was prepared to form a 90 degree cavo-
surface angle. 
2. A 0.5 mm bevel, with an angle about 45 degrees to 
the prepared shoulder as in group A, was added to form 
a beveled shoulder margin, using hand instruments. 
3. A heavy chamfer of approximately 1 mm was produced 
with a lDTF diamond bur (Teledyne Getz. Elk Grove 
Village, IL). 
The prepared teeth were measured for the mesio-
distal, bucco-lingual and inciso-gingival dimensions. The 
geometry of the three preparation were made as similar as 
possible. The preparations were examined, refined, and 
finished with hand instruments at 30X magnification under a 
binocular microscope (Reichert Scientific Instruments. 
Buffalo, New York) The geometric configurations of the bucco-
lingual and mesio-distal cross sections of the stone dies are 
24 
given in Fig. 6. 
Fabrication of stone die 
The root portions of the preparations were glued 
into a prepared hole on clear plastic bases 15 x 15 x 3 mm 
with cyanoacrylate adhesive. An open ring was centered around 
the tooth. Both the ring and the tooth were luted in place on 
a holding plate with sticky wax. A room temperature 
vulcanizing silicone (RTV 630A General Electric Co. Waterfold, 
New York.) was mixed with a 5 to 1 ratio of base and 
accelerator according to the manufacturer's instructions. The 
silicone was hand mixed with a spatula, placed under vacuum 
for 15 minutes, then carefully poured into the ring with 
slight vibration to avoid trapping bubbles. It was allowed to 
set for 24 hours before the tooth preparation was retrieved. 
The procedures were repeated for the other two preparations. 
After treating the silicone mold with a surface tension 
reducing agent (Smoothex Whip Mix Co. Louisville), the 
preweighed Type IV stone (Silky-Rock) was vacuum-mixed, 
vibrated, and poured into the mold. A blunt instrument was 
used to guide the flow of the stone so that no bubbles would 
appear on the stone dies. Twenty defect-free stone dies were 
made for each group. Ten served as master dies, ten as reserve 
dies (Photo. 3). 
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A polishing technique was utilized to standardize 
the thickness and seating orientation of the stone base of 
each die. This allowed the correct positioning of the die 
during the wax fabrication, embedding, and sectioning 
procedures (47). Two rails of plastic bases, 3 mm in 
thickness, 15 mm apart were attached to a large plastic base 
plate with screws. The rails were aligned as parallel as 
possible to form a 15 mm wide track that the 15 x 15 x 3 mm 
die base was able to fit into. A sheet of 60 grit abrasive 
paper (Aluminum oxide, 3M, St. Paul MN.) was placed between 
the rails and the base plate. The excess stone on the external 
surfaces of stone die base was carefully trimmed away until 
the base was able to seat correctly in the track. The lower 
surface of the stone base was polished by the paper along the 
track until the upper surf ace of the stone die base was level 
with the rails in all directions. 
Fabrication of identical wax patterns 
An anatomical full contour wax up was made for each 
of the three die groups, attempting to reproduce the original 
ivorine tooth form. Once deemed satisfactory, the cut-back was 
performed following standard procedures (48). An even 
thickness of wax was retained on the labial (0.4-0.5 mm) and 
incisal surfaces (0.6-0.7 mm). A 0.5 mm collar was left intact 
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at the facial finish line. The cut-back was extended 
proximally to mirror the "wing" of the preparation. On the 
lingual aspect, the wax pattern was checked again to ensure 
a 0.5 to 0.6 mm thickness along the lingual axial wall and 
about 1 mm in the lingual concavity. 
The wax pattern was inspected for smoothness as well 
as the rounded line and point angles in readiness for spruing. 
The thickness of the wax pattern was standardized as well as 
possible in all three groups to reduce its potential influence 
on casting adaptation (49). 
Construction of the Split Injection Mold. 
A 5 mm 10-gauge plastic sprue was attached to the 
center of the incisal edge of each pattern (50). This length 
of sprue former allows the upper margin of the wax pattern to 
be properly leveled in the casting ring during investing. The 
sprue junction flared out slightly in the direction of the 
pattern. The wax pattern was replaced on the stone die and the 
brass injection head (Wax pot and injector, Pro-craft GFC 
Carlstadt, N.J.) was attached to the other end of the sprue. 
It was then ready for fabrication of the Split Silicone 
Injection Mold. 
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The stone die was confined by a hollow cone formed 
with base plate wax which was irregularly shaped so that the 
small end of the truncated cone rested on the upper surface 
of the die base. The external surfaces of the die base were 
exposed outside the cone. The RTV silicone was mixed according 
to the manufacturer's instructions, placed under vacuum for 
15 minutes, and poured into the cone. It was allowed to set 
for 24 hours. The wax cone was then removed as was the 
silicone mold. The exposed parts of stone base were lubricated 
with petrolatum. The mold was suspended horizontally and luted 
with sticky wax within an open ended box, formed from base 
plate wax, which was used as a tray for construction of the 
lower half of a stone matrix. Type IV stone was mixed and 
poured into the box until the height of contour of the 
horizontally positioned silicone mold was filled. After 
permitting 30 minutes for setting, the box was removed. The 
stone matrix was separated from the silicone mold, and trimmed 
down to form a smooth surface. Its upper surface, which would 
be joined with the upper half of the stone matrix, was indexed 
with a semicircle indentation, and lubricated with petrolatum. 
The stone matrix was reassembled with the silicone mold, and 
boxed with base plate wax to a level about 2 cm higher than 
the silicone mold. Type IV stone was mixed, poured into the 
box, and allowed to set for 30 minutes. The newly formed stone 
matrix was trimmed to conform with the other half. The base 
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of the die and the surrounding stone matrix were also trimmed 
down so that the base would extend about 2 mm into the stone 
matrix. The two parts of the stone matrix were separated and 
the silicone was sliced with a scalpel at the distal side of 
the die. The wax pattern and the die could then be retrieved 
by flexing the split silicone mold open. These procedures were 
repeated for the other two groups (Photo. 4) 
Wax pattern injection 
Each stone die was fully lubricated with Slaycris 
(Slaycris Product. Portland, Oregan.). After the die lost its 
surface sheen, it was placed in the injection mold and the two 
halves of the stone matrix were positioned around the mold and 
secured in place with an elastic band (Photo. 5) . Type C blue 
inlay wax (Kerr Blue inlay casting wax. Kerr Manufacturing Co. 
Emeryville, CA.) was melted to 250 degrees F in a wax pot 
injection apparatus. The open end of the silicone mold was 
placed over the injection head. The plunger of the wax pump 
was raised and pressed down with a constant and steady motion. 
After the injection process was completed, the mold was set 
aside and allowed to cool for 10 minutes. The stone matrix 
was then removed, the silicone mold was opened, and the die, 
wax pattern and sprue former assembly were removed. Excess wax 
was removed from the margins and the wax pattern was inspected 
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internally and externally for defects. 
Margination 
The pattern was replaced on the die and the margins 
reflowed including 3mm of axial wall above the finish line. 
The sprue was cut down using a heated instrument at exactly 
5 mm above the upper surface of the pattern. The margination 
was refined using a blunt-ended instrument under a 30x 
magnification binocular microscope. Once deemed acceptable, 
the wax pattern was carefully removed from the die, attached 
to the center of the crucible former (conical-small hole for 
1 1/4" ring) (Whip-Mix Co.) with sticky wax, cleaned 
thoroughly with wax pattern cleaner, and blown dry with a very 
slight air stream. It was then considered ready for investing 
(Photo. 6). 
Investing 
A casting ring (1 1/4" o.D. x 1 3/8" high) (Whip 
Mix co.) lined with cellulose paper (1 1/8" wide) (Whip-Mix 
Co.) of which the upper margin was 1/8" short of the open end 
of the ring and luted in place with sticky wax, was fully 
soaked in water for 1 minute and then shaken three times to 
remove the excess water. 
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A pilot study had been conducted to determine the 
optimal investment powder/liquid ratio, special liquid (Hi-
Temp Liquid Whip Mix Co.)/water ratio in liquid portion, as 
well as the investing, burnout, and casting procedures for the 
metal (Option. J.M. Ney Co.) and investment (Hi-Temp 2. Whip 
Mix Co.) (47). The procedures of investing and burnout could 
be modified in accordance with the manufacturer's 
instructions. In this study, all the procedures were then 
strictly followed according to the established standard steps 
in the pilot study. A 60 gram package of preweighed investment 
powder was incorporated by hand spatulation until all the 
powder was wetted into the liquid. The liquid consisted of 5.5 
ml distilled water and 3. o ml special liquid. The liquid 
content in the mixing bowl was controlled by thoroughly 
shaking the wetted bowl until no water spill was detectable. 
The bowl was then placed under vacuum and the mix was made at 
slow speed (425 rpm) for 60 seconds, and vibrated under vacuum 
for another 20 seconds. The wax pattern was coated with 
investment using a brush under slight vibration. Before 
applying the investment, it was ascertained that there was no 
residual liquid on the wax pattern. The casting ring was 
placed on the crucible former so that the facial side of the 
wax pattern could be placed in uppermost position on the 
cradle of the centrifugal casting machine. The investment was 
poured into the ring, and bench set for 1 hour. 
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Burnout 
The crucible former was removed after 1 hour bench 
set of the investment. Any loose pieces or excess of 
investment were carefully removed around the conical pathway, 
ring edge, and outer surface. The ring was placed in a cold 
furnace when still wet. In each burnout cycle, three rings 
from the three different groups were processed. 
The burnout stage was described as follows . . 
1. room temperature to 800 degrees F 
over a period of 30 minutes 
held for another 20 minutes 
2. 800 degrees F to 1500 degrees F 
over a period of 30 minutes 
held for another 20 minutes 
Casting 
The Kerr broken-arm centrifugal casting machine was 
wound 4 turns. All castings were made with 4 dwt Option for 
each sample. After staged burnout for the patterns, the 
casting was made using a natural gas-oxygen torch according 
to the manufacturer's instructions. The oxygen operating 
pressure was set at 18 psi with the torch oxygen valve fully 
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opened. The oxygen and fuel valves were opened fully after the 
torch was ignited. The gas and oxygen valves were adjusted so 
that the float on the gas flow valve was aligned within 6 to 
8 on a H-16-S Mixer and the flame showed a short blue multi-
orifice cone about 1 cm long with a slight hissing sound ( 180 
Torch and Flowmeter. J.M. Ney Co.). The flame was first used 
to preheat the crucible and cradle and then concentrated on 
the alloys. In the meantime, the heat soaked investment ring 
was positioned so that the facial side of the wax pattern was 
uppermost. Through protective goggles, the moment when the 
alloy became molten was observed. Seven seconds later, the 
centrifugal arm was released and the casting made. Five 
minutes were allowed for bench setting which was followed by 
quenching under tap water. The casting was divested, 
sandblasted with 50 µ grit aluminum oxide at 60 psi to remove 
residual investment. Direct sandblasting on the margin was 
avoided. The casting was then ultrasonically cleaned and ready 
for seating. 
Seating the casting on the die 
The casting was examined under a binocular 
microscope at 30x magnification. Any internal nodules were 
removed by using a small round bur under the microscope. Then, 
the casting was tried on the reserve die to check for full 
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seating. Once seated completely, it was transferred to seat 
on the corresponding coded master die with slight finger 
pressure only during seating. If it appeared visually that the 
same degree of seating was achieved, the casting was deemed 
successful. Distorted or generally defective castings were 
discarded. The sprue was removed with a fine carborundum disc. 
One vent hole approximately 1 mm in diameter on an 
incisoproximal corner was prepared using a carbide bur in 
order that the casting could be fully seated during the 
embedding procedure (Photo. 7). 
Embedding 
The casting with the master die was embedded in a 
plastic embedding tray (Embedding Mold 822 Peel-A-Way Sci. 
5th EI. Monte CA.) with a clear epoxy resin (Epoxide Resin, 
Buehler LTD. Lake Bluff, IL.) The position of the die was 
standardized and secured with sticky wax in the plastic 
embedding tray. The epoxy resin was mixed according to the 
manufacturer's instructions, placed under vacuum for 20 
minutes, poured into the casting which was then transferred 
to the die, and into the embedding tray. It was allowed to 
bench set overnight. A resin block was made with two surfaces 
parallel to the long axis of the casting and the other two 
perpendicular to it. Each resin block was oriented in a 
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mounting jig which ensured that the sectioning disk was 
parallel to the long axis of the crown. 
Sectioning 
Two sections were made 1 mm on either side of the 
midline in a bucco-lingual direction. The sectioning blade 
(Veri/Cut Sectioning Machine. Leco Co. St Joseph, Michigan.) 
was lined up to a mark which had been made on the plastic base 
and duplicated on each stone die. The sectioning was then 
conducted (Photo. 8). After the first section was completed, 
the blade was moved inward exactly 2 mm and lined up to the 
second mark on the die base, and the second section was cut. 
The sectioned surface was polished first with 600 grit wet 
abrasive paper (Handiment Grinder Grit 600. Buehler LTD. Lake 
Bluff, IL.) to eliminate the metal flash and followed by 5 µ 
aluminous oxide slurry on a felt pad on a polishing wheel 
until a smooth surface was obtained so that the die/casting 
gap could be clearly defined and measurable. 
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Measurement. 
The measurements were conducted with a Profile 
Projector v-12. (Photo. 9) under lOOx magnification. An 
electronic digital computer (Quadra-Check II Metronics Inc. 
Manchester, NH.) connected to the projected screen was able 
to read the distance of the moving cross-hair with a tolerance 
of 1 µ.. 
At eight predetermined sites A, B, c, D, on the 
first section and A' ,B' ,C' ,D', on the second section, the gaps 
between castings and stone dies were measured three times and 
the mean value was calculated. The details of measurement were 
as follows (Fig. 7) : 
· A The X axis of the cross-hairs superimposed on the 
projector screen was aligned as parallel as possible to 
the finish line and the Y axis was adjusted to cross the 
outermost point of the cavosurface angle on the finish 
line, from which point, it was moved inward 100 µ.. At 
this location, the X axis, which was already aligned 
parallel to the finish line, offered a good reference 
line that permitted obtaining a reliable measurement. 
B The above procedures were repeated at the lingual 
gingival margin. 
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C The axial gap on the facial side was measured at a 
location 1 mm above the margin. The Y axis was aligned 
to parallel the axial wall and the X axis was adjusted 
to cross the lowermost point of the finish line, from 
which point, it was moved upward 1 mm. At that location 
the Y axis, parallel to the axial wall, offered a 
good reference line that permitted obtaining a 
reliable measurement. 
D The above procedures were repeated at the lingual axial 
wall. 
Representative photographs were taken, as a visual 
record of casting adaptation to the finish line and axial wall 
(Photo. 10-14). 
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-Fig. 7. The four predetermined sites_ for measurements 
of each section. 
A,A' labial marginal measurement. 
B,B' labial axial measurement. 
C,C' lingual marginal measurement. 
D,D' lingual axial measurement. 
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1mm 
Photograph 1. Proximal view of the prepared ivorine 
teeth. 
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Photograph 2. Lingual view of the prepared ivorine 
teeth. 
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Photograph 3. The RTV impression materials and 
the stone die. 
41 
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Photograph 4. The split injection mold. 
Photograph 5. The injection mold and the wax pot 
injection apparatus. 
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Photograph 6. The wax pattern ready for investment. 
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Photograph 7. A fully seated casting. 
Photograph 8. The sectioning blade and a sectioned 
resin block. 
46 
47 
Photograph 9. The screen of Profile Projector V-12. 
CHAPTER IV 
RESULTS 
In Tables I-III, the gap measurements at each 
predetermined site (Fig. 7) are presented for the three 
experimental groups : 1) a shoulder, 2) a beveled shoulder, 
3) a heavy chamfer. The mean and standard deviation for each 
site were calculated for each group. 
The data obtained from 60 measurements at sites A 
and A', representing the labial fit, show that most of the 
casting/tooth gaps are smaller than 10 µ except that 4 
measurements were recorded over 10 µ (10.7, 11.3, 11.3, and 
16.3 µ). 
At sites C and C', the lingual marginal fit, 5 sites 
were recorded over 10 µ, respectively 11.7, 10.7, 14.7, 10.7, 
19.3 µ. 
The recorded data for those sites representing axial 
fit, B, D, B', D', shows much greater variation and the means 
are generally bigger than those obtained from marginal sites. 
The measurements ranged from O µ to 42 µ. In the 120 
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measurements for 4 predetermined sites, 17 were bigger than 
30 µ ; 18 between 20 and 30 µ ; and 22 between 10 and 20 µ. 
This type of data distribution results in small overall means 
of respectively 17.30 µfor B, 9.56 µfor D, 13.64 µfor B', 
and 12. 58 µ for D' . The standard deviations for those are 
shown in Tables I-III. The data for axial fit not only show 
this type of variation within the same group, but also 
suggests uneven fits in the same section between labial and 
lingual sites. In five sections, it was found that these 
differences were greater than 30 µ. 
A multiple comparison test and analysis of variance 
(MANOVA) was used to determine whether there was a significant 
difference within individual or between the three experimental 
groups (51). The F values at each site were calculated and 
these data are reported in Table IV. Except for site D', none 
of them show bigger values than the tabled F values at the 
0.05 level ( at 2x27 degrees of freedom in this study). Thus, 
for measurements at all sites except site D', there is no 
statistically significant difference among the groups. A 
multiple comparison test, Student-Newman-Keuls test (52), was 
performed to compare the mean at each site among the groups. 
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In Tables IV and V, the results of Newman-Keuls test 
and the critical means at 0.05 level are given. The 
differences among the ranked aligned means of the three groups 
are compared to the critical mean ranges ,which were decided 
by MSE (mean square of error) and the rejected levels, to 
determine if a statistically significant difference existed 
between the groups for each site. The critical ranges between 
means at the 0.01 level are not shown in the tables. However, 
the results show no statistically significant differences 
among the three groups at all measured sites, A, B, C, D, 
A ' , B ' , c ' , and D ' . 
The overall casting adaptation was expressed by 
combining the values for marginal fit (A+C+A'+C'/4) and axial 
fit (B+D+B'+D'/4) for each casting (two sections). These were 
calculated and are presented in Table VI. For marginal fit all 
the obtained data are smaller than 10 µ. The data for axial 
fit are all less than 30 µ. The MANOVA and Newman-Keuls test 
were performed. Table VII shows the result of the analysis. 
The F value for marginal fit is 0.45, for axial fit is 2.12, 
thus there is no statistically significant differences among 
the three groups at either the 0.05 or 0.01 levels. The null-
hypothesis is retained for both marginal and axial fit at 0.05 
and 0.01 levels after analysis. The subsequent Newman-Keuls 
test also shows no significant differences among the three 
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groups for overall marginal and axial fit at either 0.05 and 
0.01 levels. 
The means for each site, marginal fit, and axial fit 
were also presented by figures (Fig. 8-10). 
Representative microphotographs of castings at 20x 
magnification were shown in Photograph 11, 12, 13, 14. 
TABLE I 
Site 
Specimen A 
1 o.o 
2 4.0 
3 o.o 
4 1. 3 
5 3.7 
6 o.o 
7 o.o 
8 2.3 
9 o.o 
10 o.o 
mean 1.1 
S.D. 1. 6 
Group 1 gap measurement in microns 
(shoulder margin design) 
Section 1 Section 2 
B c D A' B' 
0.0 5.3 o.o 3.7 2.0 
20.6 2.3 o.o 11. 3 0.0 
21. 0 0.0 11.0 2.3 15.3 
C' 
5.3 
9.3 
0.0 
35.6 11. 6 27.0 0.3 30.0 14.6 
15.3 2.3 o.o 5.3 28.6 0.0 
10.7 0.0 o.o 0.0 16.7 5.7 
22.0 0.7 o.o 0.0 o.o 7.3 
18.7 1.3 1. 0 4.3 8.7 0.0 
2.3 10.7 1. 7 0.0 0.0 0.8 
26.3 0.0 3.7 0.3 36.3 0.0 
17.3 3.4 4.4 2.8 13.7 4.3 
10.7 4.4 8.6 3.6 13.9 5.1 
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D' 
0.0 
4.7 
0.0 
0.0 
0.0 
o.o 
0.0 
0.7 
0.0 
12.7 
1.8 
4.1 
TABLE II 
Site 
Specimen A 
1 9.7 
2 1. 7 
3 1. 3 
4 5.7 
5 0.7 
6 10.7 
7 0.3 
8 0.3 
9 o.o 
10 6.7 
mean 3.7 
S.D. 4.1 
Group 2 gap measurement in microns 
(beveled shoulder margin design) 
Section 1 Section 2 
B c D A' B' 
27.0 o.o o.o 8.3 36.3 
41. 7 0.3 6.7 1. 7 26.0 
22.3 o.o 18.7 1. 3 9.7 
33.0 1. 0 15.3 7.3 32.0 
7.3 1. 3 7.7 0.0 o.o 
C' 
8.7 
o.o 
o.o 
9.7 
o.o 
37.7 0.7 20.0 11. 3 8.7 10.7 
8.3 o.o o.o 0.0 6.7 0.0 
6.3 o.o 10.7 1. 3 14.3 2.3 
16.3 2.7 12.7 2.7 15.7 1. 7 
33.0 0.0 0.0 0.0 28.3 o.o 
23.3 0.6 9.2 3.4 17.8 3.3 
13.2 0.9 7.6 4.1 12.2 4.5 
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D' 
0.0 
4.0 
37.0 
39.7 
0.7 
20.7 
o.o 
20.7 
1. 3 
29.3 
13.5 
16.4 
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TABLE III Group 3 gap measurement in microns 
(heavy chamfer margin design) 
Site Section 1 Section 2 
Specimen A B c D A' B' C' D' 
1 6.7 6.3 0.0 0.3 8.7 13.7 7.7 36.3 
2 9.3 2.3 o.o 13.7 16.3 14.0 o.o 1. 3 
3 0.7 5.0 6.7 34.7 0.0 9.7 19.3 38.0 
4 1. 3 10.7 0.0 24.3 o.o o.o 4.7 0.3 
5 2.3 28.0 2.3 12.7 2.7 12.7 2.3 36.7 
6 0.0 o.o o.o 15.3 3.3 9.3 o.o 25.0 
7 o.o 19.3 5.7 36.3 2.3 1. 3 7.3 20.7 
8 5.3 26.0 0.3 0.1 3.3 16.3 8.3 25.0 
9 5.3 15.7 2.0 13.3 o.o 15.0 8.7 38.7 
10 0.0 o.o 2.3 0.0 o.o 2.0 4.3 2.0 
mean 3.1 11.3 1.9 15.1 3.7 9.4 6.3 22.4 
S.D. 3.3 10.4 2.5 13.4 5.2 6.1 5.6 15.9 
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TABLE IV 
Analysis of Variance and Neuman-Keuls test (gap measurement 
in microns) 
(section 1) 
sites 
A B c D 
Mean of group 1 1.1 17.3 3.4 4.4 
Mean of group 2 3.7 23.3 0.6 9.2 
Mean of group 3 3.1 11. 3 1.9 15.1 
F value of ANOVA 1. 76 2.70 2.31 2.74 
Mean Square of 10.2 132.6 8.7 103.5 
Error 
Critical range 2.9 10.6 2.7 9.3 
of two means at 
0.05 levels 
Critical range 3.5 12.7 3.3 11. 3 
of three means 
at 0.05 level 
Significant No No No No 
difference at 
0.05 level 
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TABLE V 
Analysis of Variance and Neuman-Keuls test (gap measurement 
in microns) 
(section 2) 
sites 
A' B' C' D' 
Mean of group 1 2.8 13.7 4.3 1.8 
Mean of group 2 3.4 17.8 3.3 13.5 
Mean of group 3 3.7 9.4 6.3 22.4 
F value of ANOVA 0.11 1.4 0.88 5.99 
Mean Square of 18.9 126.1 25.8 179.3 
Error 
Critical range 4.0 10.3 4.7 12.2 
of two means 
at 0.05 level 
Critical range 4.8 12.5 5.6 14.8 
of three means 
at 0.05 level 
Significant No No No No 
difference 
at 0.05 level 
TABLE VI 
Gap measurement in microns of marginal 
and axial 
Specimen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
mean 
S.D. 
fit (B+D+B'+D'/4) 
Group 1 
MF AF 
3.6 0.5 
6.7 13.7 
0.6 11.8 
7.0 23.1 
2.8 11. 0 
1.4 6.8 
2.0 5.5 
2.0 7.3 
2.9 1. 0 
0.1 19.8 
2.9 9.3 
2.3 7.4 
Group 2 
MF AF 
6.7 15.8 
0.9 19.6 
0.7 22.0 
5.9 30.0 
0.5 3.9 
8.3 17.3 
0.1 3.8 
1. 0 13.0 
1. 8 11.5 
1. 7 22.7 
2.8 16.0 
3.0 8.3 
fit (A+C+A'+C'/4) 
Group 
MF 
5.8 
6.4 
6.7 
1.5 
2.4 
0.8 
3.8 
4.3 
4.0 
1. 7 
3.7 
2.1 
3 
AF 
14.1 
7.8 
22.9 
8.8 
22.5 
12.4 
19.5 
16.8 
20.7 
1. 0 
14.6 
7.1 
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TABLE VII 
Statistical difference in gap measurement in microns 
of overall axial fit and marginal fit by Analysis of Variance 
and Neuman-Keuls test 
mean 
F value of ANOVA 
Mean Square of Error 
Critical range of 2 means 
at 0.05 level 
Critical range of 3 means 
at 0.05 level 
Significant difference at 
0.05 level 
MF 
3.1 
0.45 
6.3 
2.3 
2.8 
No 
AF 
13.3 
2.12 
57.6 
7.0 
8.4 
No 
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Photograph 10. A representative section of a casting. 
Photograph 11. A representative microphotograph of a 
labial shoulder margin at 20x 
magnification. 
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Photograph 12. A representative microphotograph of a 
beveled shoulder margin at 20x 
magnification. 
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Photograph 13. A representative microphotograph of a 
heavy chamfer margin at 20x 
magnification. 
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Photograph 14. A representative microphotograph of a 
lingual chamfer margin at 20x 
magnification. 
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CHAPTER V 
DISCUSSION 
Each specimen was sectioned twice, giving two sets 
of measurements and two actual experimental models encompassing 
three groups. Two marginal sites and two axial sites were 
measured for each section and compared. In addition, the values 
for marginal and axial opening were combined for each group, 
in order to give a comparison of overall casting fit between 
groups. 
Three ivorine teeth were prepared as similarly as 
possible so that the only major difference was the different 
marginal designs. When using ANOVA, it is not strictly required 
that the selected samples have to be exactly the same so that 
the only allowed variable is the tested object (51). 
The results of 
presented in Tables IV, V, 
statistically significant 
the present investigation are 
VII. They show that there is no 
influence of different marginal 
designs on casting accuracy. Therefore, the null-hypothesis of 
this study is retained. 
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Point measurement of a sectioned sample to assess 
marginal fit has been criticized as misleading (53). The 
authors argued that the margin opening is an interface space 
rather than a point gap. Measurement from one point can not 
represent actual marginal integrity because some areas are well 
adapted and others may be ill-fitting. Nevertheless, this 
experimental method has been widely used in the reported 
literature and is deemed reliable to represent the casting fit 
(20,21,26,27,28,31,47,54,55.). During the measurements, it was 
noted that a point measurement may not show the largest 
existing marginal discrepancies for that casting, but in each 
group, 20 predetermined positions, for example, A and A', were 
measured no matter if the gap was big or small. Not only were 
the results of a each site measurement (A,B,C,D,A',B',C',D') 
statistically compared among the groups, but also the averaged 
means from 40 measurements (A+C+A'+C'/4 and B+D+B'+D'/4) in 
each group were compared and analyzed. Use of a sectioned 
sample gives a good measurement of both vertical and horizontal 
tooth/casting discrepancies but has the disadvantage that, once 
the casting is sectioned, further investigation is 
impossible. 
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At lOOx magnification, specimens were projected on 
the screen through the Profile Projector (V - 12). Failure to 
polish the specimens adequately (5 µm level) made it impossible 
to read and measure the die/casting discrepancies. However, 
once well polished, gaps as small as 2 µ could be read with 
good reliability. This technique may be a more reliable tool 
with higher resolution than commonly used traveling 
microscopes. However, the extra polishing procedures needed may 
result in some unanticipated defects at the cavosurface angle 
on the stone finish line possibly due to die erosion during 
polishing. The sections had been routinely examined under the 
regular binocular microscope at 70x magnification. Even after 
polishing with 600 grit abrasive paper, the castings fit evenly 
all along the cross section on the margin. But after polishing 
some castings with 5 µm aluminum oxide slurry powder on a felt 
pad, it was found that the cavosurface angle was slightly 
rounded. Those defects ranged from about 5 to 10 µ as measured 
from the extremity of the die margin. However, no such defects 
were detected at the measurement sites. This phenomenon has not 
been reported in literature, probably because, in previous 
studies, the samples were only polished to a 600 grit abrasive 
paper finish for examination under a traveling microscope. 
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As shown in Table VII, the calculated mean for 120 
measurements of marginal fit is 3.13 µand most of the raw data 
are smaller than 10 µ (Table I-III) . These results are 
satisfactory and present a much smaller value than generally 
used as numerical criteria for acceptable marginal fit. These 
results are in accordance with those of Byrne et al (21) and 
Weihmann (33.) 
There are no general agreed criteria for so called 
"acceptable" marginal fit. The 25 µ film thickness for Type 1 
zinc phosphate in ADA Specification No. 8 is a commonly 
mentioned one (37). Fifty microns has also often been used as 
an evaluating criterion for marginal fit by many authors before 
or after cementation (30-32). However, in the subgingival or 
interproximal area, it was reported that a margin opening as 
big as 100 µ may not be detected by experienced clinicians from 
examination of radiographs and clinically using an explorer 
(31, 56). 
Are the castings made in this study able to obtain 
a marginal fit on the tooth after cementation as well as they 
fit on the die ? Will then the conclusions drawn in this 
investigation still be considered valid ? Before answering 
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these questions, we should look at the axial fits reported 
(Tables I-III) and discuss them in relation to previous 
studies. 
The need for the controlled axial expansion of a 
casting within predetermined limits has been well demonstrated 
as being critical in order that the casting might be fully 
seated after cementation (20,23,24,38,54). The axial 
tooth/casting space can be altered to some extent by laboratory 
procedures to accommodate alloys of different melting points. 
The influence of die spacers on casting cementation and 
retention has been widely studied to find out the amount of 
space needed for the tooth/casting interface so that a casting 
can seat completely after cementation and, also, will not 
compromise its retention (42,54). But, by using a "loose fit" 
casting ( 4 2) or an "undersized" casting ( 54) to test the 
influence of the die spacer (space needed between the axial 
tooth/casting interface) on the seat of a casting after 
cementation, completely conflicting conclusions have resulted. 
One author (42) argues that the seating and retention are not 
affected by die spacer at all and another author (54) argues 
that 70 µ die/casting space is needed all along the axial wall 
so that a casting can be completely seated. 
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In this investigation, a standardized procedure was 
used to fabricate the castings. The wax patterns were reflowed 
including at least 2 mm above the finish line. Most of the 
castings were then seated with "proper fit". However, some 
variations were inevitable in terms of "tight" or "loose". In 
120 axial fit measurements, 45 sites show die/casting gaps 
smaller than 5 µ. If a stone die is 12.5 µbigger on each side 
than the tooth preparation (57) due to the dimensional change 
of the elastomeric impression material and the setting 
expansion of the type-IV stone, at these 45 areas, we may have 
a space of about 12.5 to 17.5 µ for the luting agent. According 
to Kay et al. (24), as long as the axial tooth/casting space 
is more than 15 µ, the influence of different margin designs 
on casting fit after cementation is very small, only 2µ 
difference in average mean. And, as discussed in the literature 
review, an effective grain size as small as 5 µ can be achieved 
(23,34-38). It seems apparent that, theoretically, the castings 
made in this study should be able to seat without significant 
lift-up after cementation and the amount of lift-up will not 
be significantly influenced by the different margin designs 
used in this study according to the findings of Gavelis et al. 
(28). The study conducted by Belser et al(30) is in agreement 
with this assumption. 
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The axial measurements for each site, ranging from 
o µto 40 µ, are more variable than expected (B,D,B',D' in 
Table IV and V). The variation in axial wall fit is likely due 
to 1) underexpanded/overexpanded castings beyond the average. 
2) uneven seating, since liquid resin, not cement, was used to 
seat crowns by hand. However, the means of the combined facial 
and lingual die/casting discrepancies for three group are 
consistent. Respectively, those are 21.7 and 15.5 µfor group 
1, 32.5 and 31.3 µ for group 2, and 26.4 and 31.8 µ for group 
3. These axial wall spaces are adequate for accommodating 
luting agent. 
Obtaining good marginal fit of a casting on the die 
is essential for a good clinical fit and longevity of the 
restoration. The shoulder has long been labeled as a poor 
design by some authors (1,2) because it might not achieve a 
marginal fit as good as a beveled margin. Therefore, they argue 
that a bevel has to be added for this purpose when preparing 
the tooth for the metal ceramic restoration. On the other hand, 
a beveled shoulder margin tends to complicate the clinical and 
laboratory procedures, encroaches on the periodontal tissue, 
and compromises the esthetics. If different margin designs do 
not influence the casting accuracy, as the results of this 
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investigation imply, it may neither be necessary nor practical 
to prepare beveled shoulders for the purpose of improving 
marginal seal. 
Further studies are still needed, based on the 
results of this study, to determine the influence of the 
following factors on casting fit of different margin designs. 
These are: 
1) dimensional changes of the impression material and die. 
2) cementing procedures. 
3) die spacing procedures. 
4) distortion of margin during porcelain firing cycles. 
CHAPTER VI 
SUMMARY 
This study was conducted to investigate the influence 
of the three most commonly used margin designs for the metal 
ceramic technique on casting accuracy. A total of 30 castings 
were made under well standardized procedures consistent with 
manufacturers' recommendations for the metal and investment. 
The castings were seated on their reference dies, embedded in 
resin, sectioned at predetermined locations, and examined under 
a microscope. The die/casting gaps were measured at lOOx 
magnification under a Profile Projector at predetermined sites. 
The analysis of variance and multiple comparison test 
(Newman-Keuls test) were used to determine if there were 
significant differences among the three groups for each 
measured site (A,B,C,D,A',B',C',D'), the overall marginal fit 
(A+C+A'+C'/4), and the overall axial fit (B+D+B'+D'/4). Except 
for site D', the F values obtained for all compared sites 
demonstrate no significant differences among the groups at 
0.05 levels. The subsequent Newman-Keuls test shows no 
significant differences among the three groups at 0.05 level 
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for all measured sites, marginal and axial. 
It was concluded that the differences among the three 
most commonly used margin designs for the metal ceramic 
technique do not influence casting accuracy. 
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